A c c e p t e d V e r s i o n 2 ABSTRACT 1 Background: The objective was to evaluate the effects of personal characteristics on 2 the validation of self-reported type 2 diabetes among Chinese adults in urban Shanghai. 3 Methods: During 2015 to 2016, 4,322 participants were recruited in this validation 4 study. We considered the criteria of diabetes verification to use the laboratory assays of 5 fasting plasma glucose (FPG), glycated hemoglobin (HbA1c), or taking diabetic 6 medication. 7 Results: When taking diabetic medication or FPG≥7.0mmol/L was as identified 8 diabetes, the measurements of sensitivity, specificity, positive predictive value (PPV), 9 negative predictive value (NPV) and Kappa value of self-reported diabetes were 72.0%, 10 99.2%, 95.1%, 93.9%, and 0.78, respectively. If an additional HbA1c test was used for 11 708 subjects (aged<65 years), slightly lower values of sensitivity, NPV and Kappa were 12 observed. More potential diabetes cases were found if compared to only using FPG. 13 Subjects with the characteristics of female, older, or family history of diabetes had 14 sensitivity over 75% and over 0.8 of excellent Kappa, while the sensitivity and Kappa 15 of opposite groups had poorer values. Specificity, PPV and NPV were similar in 16 different characteristics populations. The prevalence of type 2 diabetes was 19.3% in 17 the study (14.1% diagnosed diabetes, 5.2% undiagnosed diabetes). About 26.2% of 18 subjects were pre-diabetes. Additional HbA1c test indicated an increased prevalence of 19 undiagnosed and pre-diabetes. 20 Conclusions: Findings support self-reported diabetes is sufficiently valid to be used in 21 large-scale, population-based epidemiologic studies. Participants with different 22 characteristics may have different indicators in terms of validation such as age, 23 gender, and family history of diabetes in first-relatives. 24 25
INTRODUCTION
According to the International Diabetes Federation (IDF), 425 million adults (aged 29 20-79 years) have diabetes in 2017, and the projected number will rise to 629 million by 30 2045. In China, the diabetes prevalence adjusted to the world population is 9.7%, well 31 above the global prevalence of 8.8%. But it has the highest number of people with 32 diabetes over 114 million adults affected in 2017 and the number will reach 120 million 33 in 2045. Approximately 4.0 million people aged between 20 and 79 years died of 34 diabetes in 2017 in the world, which accounted for 10.7% of global all-cause mortality 35 among people in this age group 1, 2 . Diabetes is also associated with an increased risk of 36 death from other causes, which are substantially more than that directly coded to 37 diabetes 3 . 38 It is important in epidemiologic studies to confirm diabetes. The prevalence of 39 diabetes in the population is commonly gathered by questionnaires. A self-reported 40 questionnaire is an important and convenient tool, sometimes is the only feasible way to 41 obtain information on subject health status in epidemiologic surveys when laboratory 42 assays were absent but the diabetes status was available. The accuracy of self-reported 43 diabetes will affect the results in diabetes related epidemiologic studies. As a 44 consequence, it is of the most important to assess the validity of that information. 45 Medical record, administrative database and measurement for glucose are often used as 46 gold standards in the validation studies [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Many population-based cohort studies 47 conducted in developed countries have addressed the validity of self-reported diseases, 48 such as studies in America 4, 9, 13, 14, 17 , Australia 5 , Netherlands 10 , Britain 18 , Japan 6,15,19,20 , 49 and Singapore 21 . Diabetes is considered with clear diagnostic criteria, requiring 50 ongoing management, and the reliability of reporting is better than other chronic 51 diseases 7, 11, 22 . Most of these studies rely on comparison to medical records and 52 confirmations of self-reported diabetes 4, 8, 11, 13, [17] [18] [19] 21 . Some studies compared to glucose 53 related measurement 6, 9, 10, 12, [14] [15] [16] 20 . The characteristics of the study participants such as 54 age, gender, education may have contributed to the awareness of diabetes 6,11 . 55 In the present analysis, we evaluated the validity of type 2 diabetes self-reports in a 
METHODS

60
Study participants 61 From 2015 to 2016, a community-based cross-sectional survey was initiated as a 62 validation study of diabetes self-reports. In two study communities, a total of 4,322 63 subjects (1,681 women and 2,641 men) agreed to have the health checkups and 64 additional self-reported information on diabetes were collected just before the checkup. 65 All the participants of the present study are from the Shanghai Women's Health Study 66 and the Shanghai Men's Health Study, two population-based prospective cohorts 67 conducted in urban Shanghai, China 23, 24 . The inquiry about diabetes was set up like that 68 in the follow-up surveys in these two cohorts. 69 70 Assessment of self-reports 71 Self-reported diabetes status was assessed by baseline and follow-up questionnaires, 72 which included the collection of demographic characteristics for all study participants. 73 The inquiries about diabetes were set up and contained the following questions. for FPG or HbA1c tests in the community health centers. Before blood collection, the 92 nurses asked subjects whether he/she had taken the diabetic medication in the past 93 24 hours. 94 For validation of prevalent self-reported diabetes, we compared self-report with a 95 reference definition: a FPG≥7.0 mmol/L (126 mg/dL) or HbA1c≥6.5% or treatment 96 with hypoglycemic medications. FPG range of 5.6-6.9 mmol/L or HbA1c range of 97 5.7%-6.4% was used as identifying individuals with pre-diabetes 25 . the glucose related measurement 11, 26 . A kappa value of <0.40 was considered a 111 poor-to-fair agreement, 0.41-0.60 was considered a moderate agreement, 0.61-0.80 was 112 considered a substantial agreement, and 0.81-1.00 was considered an excellent 113 agreement, as that suggested by Landis and Koch 11, 27 . 114 A two-sided α level of 0.05 was considered statistically significant. The 95% 115 confidence intervals (CIs) for the results were determined by the binomial exact method 116 using SAS software, version 9.2 (SAS Institute, Inc., Cary, North Carolina). 117 The study was approved by the Institutional Review Boards of the Shanghai Cancer General characteristics of subjects in this validation study were presented in Table 1 . 124 The average age at baseline of these subjects was 52.8 (8.23) year old and average body 125 mass index (BMI, kg/m 2 ) was 24.05(3.09). Compared to those no self-reported diabetes 126 subjects, the subjects who self-reported diabetes were likely men, older, had lower 127 education level and higher BMI, more ever smoker, and more family history of diabetes 128 in first-relatives. 139 We also analyzed the associations of subjects with different personal characteristics' 140 strength of agreement between self-reports and laboratory findings. Table 3 showed that 141 subjects with the characteristics of female, older, and having a family history of diabetes 142 in first-relatives had excellent Kappa values over 0.8 and their sensitivities were all 143 above 75%. No matter how the gender, age and family history of diabetes the subjects 144 were, each group had great specificity, PPV and NPV over 90%. Table S1 ). 168 In 708 subjects aged less than 65 years, the prevalence of diagnosed diabetes was 169 lower than that in the validation study with 10.3% vs. 14 HbA1c test indicated an increased prevalence of undiagnosed diabetes and pre-diabetes. 186 The prevalence of diabetes has increased significantly in recent decades in China. It 187 was less than 1% in the Chinese population in 1980 28 . In subsequent national surveys 188 conducted in 1994, 2000, 2007 and 2010, the prevalence proportions of diabetes were 189 2.5%, 5.5%, 9.7% and 11.6% respectively [29] [30] [31] [32] . The most recent national survey in 2013 190 reported that the prevalence of diabetes was 10.9%, but in Han participants, the 191 prevalence was increased to 14.7% 33 . For the same age groups with our study, the 192 national prevalence of self-reported diabetes is 7.0% 32 . As mentioned, urban residents 193 and economically developed regions have a high prevalence in mainland China 32 . Our 194 study was conducted in Shanghai, one of the most developed cities in China. All 195 participants were living in the urban. The prevalence of 19.3% in our study is higher 196 than the national statistic of 14.7% in 2013. 197 The reliability, validity, and consistency of self-reported information and criterion 198 standards, such as health status and the medical record, is critical for health researcher. 199 There are a number of studies that have shown high rates of confirmation of 200 self-reported diabetes diagnosis based on information on medication, data from medical 201 records 13, 17, 21 . Validation of medical record review could not directly provide 202 sensitivity or specificity of medical history due to it is an impossibility to screen records 203 systematically from those subjects who did not report any medical history 15 . By 204 contrast, some studies used laboratory assays to compare self-reported diabetes 6,9,10,14 . 205 Our results are consistent with those of prior studies reporting specificity and sensitivity 206 for prevalent self-reported diabetes compared with the same definition 207 (FPG≥7.0mmol/L or diabetes medication use) 14 . The sensitivity in our study is higher 208 than that in other studies validated by laboratory assays with both FPG and HbA1c 209 6, 9, 10, 14, 15 . This can be partly explained by the fact the undiagnosed subjects will remain 210 hidden because we only use FPG as the screening test. As expected, the specificity over 211 99% in this study was markedly high which is consistent with the findings of previous 212 studies that used laboratory assays 6, 10, 14, 15 . The Kappa agreement in our study was 0.78 213 which was closed to other studies conducted in developed countries 7, 11, 15 . Over all, we 214 found self-reported data on diabetes were more specific than sensitive; therefore an 215 underestimation of prevalence and attenuation of associations with risk factors can be 216 expected 10 . Previous assays suggested that self-reports of diabetes may have relatively 217 low sensitivity and high specificity. But if laboratory assays are hard to obtain, 218 self-report can be useful for identifying diabetes individuals 6 . As that validated by 219 laboratory findings in the Saku study, the specificity of self-reported diabetes in our 220 study was fairly high, that supports the use of self-reported diabetes as a measure of 221 diabetes status 6 . With almost perfect specificity, the non-differential misclassification 222 made of bias due to self-reported diabetes impacted little on relative risk measures. 223 Because of well-defined and requiring ongoing management, self-reported diabetes 224 has higher agreements and important values for epidemiologic studies and surveys 7 . 225 But the accuracy of self-reported data on medical history depends on the subjects' 226 knowledge and understanding of the relevant information, ability to recall it, willingness 227 to report it and diagnose the status of diseases 10, 34 . The rate of incorrect reporting and 228 misclassification can be significant and different by population, disease and the severity 229 of the disease 10, 35, 36 . Reliability of reporting can also be influenced by personal 230 characteristics such as age, gender, and culture. Okura et al. reported that the agreement 231 was enhanced with younger age, female sex and high education level 8, 11 . In Saku cohort 232 study, the agreement was slightly higher among women than among men 6 . Higher body 233 mass index was more likely to accurately self-report diabetes in WHI study 4 . Our study 234 shows that subjects of female, older age and having a family history of diabetes in need to be taken into account when interpreting self-administered questionnaire data on 242 certain diseases. The results of different self-report validity among participants with 243 different characteristics will also provide scientific evidence to guide health care 244 organization for health promotion in different population. 245 The resources are often used in the validation study of self-reported diabetes in 246 epidemiologic studies or surveys, including medical records, tests of HbA1c, etc. 247 Although record linkage to medical record alone has a better agreement than laboratory 248 assay alone, it does not mean that medical record review is better than laboratory assay. 249 Medical record review could find out the missed diabetes cases which the subjects may 250 not be able to recall the diagnosis reported by the physician and also misunderstand or diabetes, 59.3% are currently undiagnosed 38 . The higher prevalence of diabetes and 265 pre-diabetes for the mid-aged and the elderly person in our study meets the result from 266 CHARLS that the problem is worse among those who lived in urban coastal areas 38 . In 267 our study, the rate of taking diabetes medication in diagnosed cases was similar to 268 another Chinese survey which the prevalence proportions were 85%-90%. In addition, 269 these surveys also had similar glycemic control which the prevalence proportions were 270 35%-40% 32, 38, 39 . Our data showed that was much hard to control both HbA1C and FPG 271 into the normal. 272 The strengths of this study included its large sample size and use laboratory assays of 273 FPG and HbA1c level. Having the diabetic medication is a daily use and a long term 274 procedure. We limited the recall time in 24 hours to minimize the memory bias. So 275 the probability of errors for misclassification in our study could be smaller. We also 276 considered participant's characteristics such as gender, age, education, obesity, family 277 history of diabetes in first-relatives when assess and interpret the validation of 278 self-reported diabetes. This validation study will provide an advantage for further 279 research in the epidemiological studies of type 2 diabetes. Despite its strengths, our 280 study has some limitations. First, because we did not perform a medical record review, 281 that may have underestimated the number of true positives and overestimated the 282 number of true negatives, which might have biased our estimates. Second, our results 283 reflect the finding only for subjects in which came to checkup without randomly 284 selected from these two cohorts. Third, although OGTT is not the necessary test for 285 diabetes diagnose, without OGTT will impact on the missing of undiagnosed DM and 286 impaired glucose tolerance. 287 In conclusion, this validation study suggests that self-reported diabetes is a valid 0.85 (0.79-0.92) 0.72 (0.65-0.80) CI, confidence interval; FPG, fasting plasma glucose; NPV, negative predictive value; PPV, positive predictive value. Data for sensitivity, specificity, PPV and NPV are shown as percentage (95% confidence intervals). Data for Kappa is shown as Kappa value (95% confidence intervals).
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